Cancer is still responsible for many deaths worldwide. Therefore, the need for an effective management, treatment and cure of cancer is undoubtedly crucial. In Ghana, several plants or herbal products are used by traditional healers for the management and/or the treatment of various cancers. However, the efficacies of these plant products as anticancer agents are often ill defined. In this study, the methanolic extracts of ten plant species were evaluated for cytotoxicity against three human cancer cell lines, DLD-1, MCF-7 and M14, using the MTT assay. Extracts of Adenia lobata root, Clerodendrum capitatum leaves, Garcinia kola stem bark, Plumbago zeylanica leaves and Vernonia conferta root, showed relatively low cytotoxic activities while extracts of Ficus asperifolia leaves, Paullinia pinnata root and Thonningia sanguinea root exhibited moderate activity (IC 50 values 40 -55µg/ml against at least one of the three cell lines). Croton membranaceus root extract exhibited markedly higher cytotoxic activities, particularly against the DLD-1 and MCF-7 cells (IC 50 = 16.0 and 17.4µg/ml respectively), while Zanthoxylum xanthoxyloides bark extract was 2-3 fold more active against DLD-1 cells (IC 50 = 16µg/ml), than against the other cell lines. These results lend some support for the use of these species in traditional medicines for the treatment of cancer, especially for C. membranaceus and Z. xanthoxyloides.
INTRODUCTION
Cancer is described as an ancient disease ubiquitous in human society and capable of affecting any part of the body. Cancer is still increasingly responsible for many deaths worldwide. Therefore, the need for an effective management, treatment and cure of cancer is undoubtedly crucial. Plants are an obvious source of diverse compounds which may serve as drugs or lead compounds for the development of more effective anticancer agents. In Ghana, several plants or herbal products are used by herbalists and traditional healers for the management and/or treatment of various cancers (Mshana et al., 2000) , but there have been few studies on the activity, efficacy and potency of these plant products as anticancer agents.
In this paper we report our investigations into the cytotoxic activities of ten Ghanaian medicinal plants in order to assess their potential for evaluation as anticancer agents. These plants are used in Ghanaian herbal and traditional medicine for the treatment and management of various cancers and other diseases (Hutchinson and Dalziel, 1958; Irvine, 1961; Mshana et al., 2000) . Their methanolic extracts were screened for cytotoxic activities on three human cancer cell lines.
MATERIALS AND METHODS Plant Material
The plant materials used in this study (Table 1) were obtained from Mampong-Akwapem, the botanical gardens of KNUST and the medicinal plants garden of the Faculty of Pharmacy, KNUST. These materials were authenticated at the Centre for Scientific Research into Plant Medicine (CSRPM), Mampong-Akwapem, the Forestry Commission, Kumasi, and the Faculty of Pharmacy, KNUST, Kumasi, where voucher specimens are deposited. The materials were dried in the shade and comminuted into suitably sized particles for extraction.
Extraction of Plant Material
The methanolic extracts of the powdered plant parts were obtained by repeated cold maceration using 100g of each plant material. The extracts were pooled and concentrated to a syrupy mass under reduced pressure in a rotary evaporator. These extracts were then dried completely over silica gel in a vacuum chamber at room temperature. The dried extracts were stored in a refrigerator until required for use.
Biological Evaluation of the Extracts
Human cancer cell lines, DLD-1 (colon), MCF-7 (breast) and M14 (melanoma) were available at the University of Bradford. Cells were washed with Hanks Balanced Salt Solution (HBSS), cultured in complete RPMI 1640 medium (37°C, 5% CO 2 , 95% air, 100% relative humidity), and used for bioasssays after the second passage but not beyond eight passages. Cells were grown in complete RPMI 1640 medium and inoculated into 96-well microtiter plates in 180µl medium at plating densities ranging from 5,000 to 40,000 cells/well depending on the doubling time of individual cell lines. After cell inoculation, the microtiter plates were incubated at 37°C, in an atmosphere of 5% CO 2 , 95% air and 100% relative humidity for 24 hours prior to addition of experimental drugs. The experimental drugs/extracts were solubilized in dimethylsulfoxide (DMSO) at 400-fold the desired final maximum test concentration and stored frozen prior to use. At the time of drug addition, the frozen drug concentrates were thawed and diluted to 10-fold the desired final test concentrations with complete medium. The final concentrations of DMSO were not more than 0.1% (which was shown to have no effect on cell viability and growth). Aliquots, (20µl) of these different drug dilutions were added to the appropriate microtiter wells already containing cells and medium, resulting in the required final drug concentrations, while 20µl aliquots of complete medium were added to the blank and untreated control wells. Doxorubicin (adriamycin), 5-fluorouracil and etoposide were used as positive control drugs. Following drug addition, the plates were incubated for an additional 4 days. After discarding the supernatant, 200µl of a 0.1mg/ml solution of MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) in saline, was added to each well, and the plates re-incubated for 4 hours (Carmichael et al., 1987) . Following this, the supernatants were discarded, the blue formazan crystals dissolved with 150µl of DMSO per well, and the absorbance read on an automated plate reader at 540nm. Graphical plots of percent cell growth compared to control culture wells against concentration of extract/drug were made from which the IC 50 values for each extract/drug were obtained through regression analysis of the results of at least five different concentrations of each extract/drug. At least three independent assays were conducted for each experimental agent.
RESULTS AND DISCUSSION
The effects of the plant extracts on the growth of the three cell lines are shown in table 2. The extract of A. lobata root, showed low cytotoxic activities against the three cell lines used, giving IC 50 values of 170, 230 and above 300µg/ml for DLD-1, MCF-7 and M14 respectively. A cytotoxic polyacetylene (gummiferol) was reported from the leaves of the related species A. gummifera with activity against KB human cell line and other human cancer cell lines (Fullas et al., 1995) .
C. membranaceus root extract exhibited activity on all the three cell lines. The IC 50 values of the extract were; 16, 17.4 and 33.5µg/ml for DLD-1, MCF-7, and M14 respectively. Although the activity of the extract on M14 cells (33.5µg/ml) differed slightly from those of DLD-1 (16µg/ml) and MCF-7 (17.4µg/ml), the results seem to sug- gest a general cytotoxicity and growth inhibitory activity against the cell lines, rather than a selective activity against DLD-1 and MCF-7. Several other species of Croton have been shown to have cytotoxic properties and a number of active diterpenes have been isolated including dehydrocrotinin from the bark of Croton cajucara Benth., which has been reported to have antitumour efficacy both in vitro and in vivo (Melo et al., 2004) . Also, two halimane diterpenoids (crotohalimaneic acid and crotohalimoneic acid) from C. oblongifolius, have been reported to have potent cytotoxic activities against a panel of human tumour cell lines (Roengsumran et al., 2004) .
The activity of the extract of Clerodendrum capitatum leaves, gave IC 50 values of 86.5, 80 and 128µg/ml against DLD-1, MCF-7 and M14 respectively. Cytotoxic pheophorbide-related compounds obtained from the related species C. calamitosum and C. cyrtophyllum exhibited strong cytotoxicity against various human cancer cell lines as reported by Cheng et al (2001) .
The results obtained with the methanolic extract of Ficus asperifolia leaves, indicated modest activity especially against DLD-1 (45µg/ml) and MCF-7 (49µg/ml) and these species may merit further investigation especially as some other species of Ficus have shown interesting activities. Isolates from the leaves of F. septica exhibited strong cytotoxic activity against two human cancer cell lines, NUGC and HONE-1 (Wu et al., 2002) , and an extract of F. citrifolia was reported to modulate cancer cell multidrug resistance which suggested that the latter species has therapeutic potential for improving the efficacy of cancer chemotherapy (Simon et al., 2001 ).
The cytotoxic activities of Garcinia kola stem bark extract were weak (IC 50 values of 112.5, 212.5 and 210.8µg/ml for DLD-1, MCF-7 and M14 respectively), but it is possible that G. kola may act as a chemopreventive agent due to its antioxidant and scavenging properties on free radicals and active oxygen species (Farombi et al., 2002) . The crude methanolic extract of the pericarp of G. mangostana showed potent antiproliferative and antioxidant activities and induced apoptosis in human breast cancer (SKBR3) cells, exhibiting a similar potential for cancer chemoprevention (Moongkarndi et al., 2004a) . Similarly, the polyphenolic compounds from the fruits of Garcinia strongly inhibited the growth of human colon cancer cells by GI/S arrest and apoptosis (Protiva et al., 2003) . However, specific cytotoxicities have been reported for other species of Garcinia. Polyprenylated xanthonoids from G. gaudichaudii have been shown to exhibit significant cytotoxicity against several cancer cell lines (Cao et al., 1998) . Also, garcinone-E (a xanthone derivative) from G. mangostana, reportedly has potent cytotoxic effect on all human colon cancer cell lines as well as on other gastric and lung cancers (Ho et al., 2002) .
P. pinnata root extract produced activity fairly similar to those of F. asperifolia leaf extract, with IC 50 values of 52, 55 and slightly above 100µg/ml for the respective three cell lines; DLD-1, MCF-7 and M14. The results of the extract (especially on DLD-1 and MCF-7), may be sufficient to suggest some basis for its use traditionally. Similar investigations involving the aqueous extract of P. cupana (guarana), evaluated for toxicity on Chinese hamster ovary (CHO) cells and bacterial cells (Photobacterium phosphoreum) indicated low cytotoxicity, requiring high doses of extract for cytotoxic activity (Santa et al., 1998) .
The IC 50 values obtained from P. zeylanica leaf extract, against the three cell lines DLD-1, MCF-7 and M14 were; 68, 84.5 and >100µg/ml respectively. The low activity could however, be due to the fact that the cytotoxic constituents are less concentrated in the leaves compared to the roots, since plumbagin (a naphthoquinone) isolated from the roots is reported to have significantly suppressed the growth of Raji, Calu-1, HeLa and Wish tumour cell lines (Parimala and Sachdanandam, 1993) , and also exhibited anticarcinogenic properties (through induced tumour regression) against 3-methyl-4-dimethylaminoazobenzeneEvaluation of selected Ghanaian medicinal plants Bayor et al.
induced hepatoma in Wistar male rats (Lin et al., 2003) .
The extract of T. sanguinea root, gave results with relatively similar IC 50 values for all the three cell lines used, namely; DLD-1 (40µg/ml), MCF7 (55µg/ml) and M14 (43.2µg/ml). The extract therefore exhibited a non-selective cytotoxicity against the cell lines used and may be worthy of further investigation. This species has also been reported to have antioxidant activity, which protects against induced liver injuries and aflatoxin B-1-induced acute hepatotoxicity in rats (Gyamfi and Aniya, 1998) .
V. conferta root extract also exhibited little/low anticancer activity against all the three cell lines (IC 50 values = 92.5µg/ml, 235µg/ml and 283µg/ ml for DLD-1, MCF-7 and M14 cells respectively, although some other species of Vernonia have been reported to have cytotoxic properties. The water-soluble leaf extract of V. amygdalina was reported to be a potent inhibitor of DNA synthesis in MCF-7 cells (Izevbigie, 2003; Izevbigie et al., 2004) . The activity of the V. amygdalina extract has been said to support the modulation of CYP3A4 expression in response to cancer treatment which is relevant to prognosis (Howard et al., 2003) . Also, two elemanolides (epivernodalol and lasiopulide) isolated from V. lasiopus, have reportedly shown in vitro cytotoxicity against human cancer cell lines in culture (Koul et al., 2003) . Similarly, the two novel sesquiterpene lactones, vernolide-A and vernolide-B, from V. cinerea have demonstrated potent cytotoxicity against human KB, DLD-1, NCI-661 and Hela tumour cell lines (Kuo et al., 2003) .
The extract of Z. xanthoxyloides bark, showed some level of activity against all the three cell lines in the screen, with IC 50 values of 16µg/ml (DLD-1), 43.3µg/ml (MCF-7) and 44.3µg/ml (M14). Therefore, the extract was 2-3 fold more active against DLD-1 cells than against the other two cell lines, giving some indication of a selective cytotoxicity. The petroleum ether extract of Z. rhesta (Monira et al., 2000) and the methanolic extract of the bark of Z. budrunga (Islam et al., 2001) , exhibited significant toxic activity on brine shrimp (Artemia salina) nauplii. Also, isolates from Z. pistaciiflorum (Chen et al., 2004) have shown effective cytotoxicities against P-388 and HT-29 cell lines in vitro.
In summary, the extracts of A. lobata root, C. capitatum leaves, G. kola stem bark, P. zeylanica leaves and V. conferta root, showed little cytotoxic activity with IC 50 values of 68µg/ml or above. The extracts of F. asperifolia leaves, P. pinnata root and T. sanguinea root however, exhibited moderate activities, giving IC 50 values in the range of 40 -55 µg/ml against at least one cell line. The extracts of C. membranaceus root and Z. xanthoxyloides bark displayed marked cytotoxic activities on at least one of the three cell lines with IC 50 values from 16µg/ml to 44.3µg/ ml, with both extracts having the same value (16µg/ml) on DLD-1 cells. The extract of Z. xanthoxyloides bark indicated a rather selective activity towards DLD-1 cells, while the Croton membranaceus root extract had a general cytotoxic activity against all the three cell lines used in the screen. These results lend some support for the use of these species in traditional medicines for the treatment of cancer, especially C. membranaceus and Z. xanthoxyloides; further work on these plants would be worthwhile.
